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Murine lupus and the analogous human disease systemic lupus erythematosus (SLE) in humans are characterized by
multisystem disease accompanied by the production of numerous serum autoantibodies. The classic model of murine
lupus is the New Zealand black mouse (NZB). In this strain anti-DNA antibodies are the most specific marker for the
presence of murine lupus, in that this autoantibody parallels both the development and activity of the disease.
Exposure to ultraviolet (UV) radiation is known to exacerbate the disease in both the murine and the human disease.
UV irradiation of the skin increases serum levels of certain cytokines including interleukin-1 (IL-1), IL-6, and
granulocyte/macrophage-colony stimulating factor (GM-CSF), which can influence B- and T-cell function. Recent
studies have focused on the role of cytokines in SLE. We hypothesize that the ultraviolet (UV)—induced exacerbation
in NZB mice in part is mediated by UV-induced cytokines such as IL-1. Eight-week-old female NZB and DBA/2 mice
were exposed to UV irradiation. Sera and supernatants from spleen cell cultures were assayed for anti-DNA
antibodies. After UVexposure, NZB mice showed a marked increase in such antibodies. Skin from both strains of mice
was probed for IL-la mRNA before and after UV irradiation. At 24h, DBA/2 mice had a slight increase in mRNA coding
for IL-la, whereas a much greater increase in skin IL-la was seen in the NZB skin. This increase in IL-1 mRNA was
associated with similar increases in IL-1 bioacti-vity. These data suggest that the mechanism underlying the UV-induced
exacerbation of lupus is mediated in part by the cutaneous production of IL-1. J Invest Dermatol 100:42S–46S, 1993
Ultraviolet (UV) light exacerbates both murine and human lupus [1–4].
Exposure to U V light can accelerate the disorder in both skin lesions and
systemic manifestations of systemic lupus erythematosus (SLE). To
investigate how UV light exacerbates this autoimmune disease, New
Zealand black (NZB) mice were used as a model of the human disorder
[5]. These mice have elevated levels of a number of autoantibodies
including antibodies to single-stranded DNA (anti-ssDNA) and anti-
thymocyte antibodies, whereas the H-2 compatible, non-autoimmune
control DBA/2 strain does not have such serum autoantibodies. The level
of anti-ssDNA antibodies parallels the development of glomerulonephritis
seen in the NZB mice [6].
In studying the role of UV light in SLE, we examine its effect on
autoantibody and lymphokine production in murine lupus. It is known
that UV irradiation can increase the activity of interleukin-1 (IL-1) both
locally in the skin and systemically [7–10]. It has been postulated that
aberrant cytokine expression may be involved in the pathogenesis of
lupus [11–19]. Indeed, it has been shown that both IL-1 and IL-6 mRNA
are elevated in lymphocytes of patients with SLE [11]. Furthermore, IgG
production by SLE lymphocytes was significantly inhibited by antibodies
directed to IL-1 or IL-6. Anti-IL-1 but not anti-tumor necrosis factor alpha
(TNFa) acted additively with anti-IL-6 inhibiting spontaneous immuno-
globulin G (IgG) production [11].
Thus, we hypothesized that exposure of NZB mice to UV light
that leads to increased polyclonal B-cell activity with a consequential
increase in anti-DNA antibody production is mediated in part by the
production of IL-1.
MATERIALS AND METHODS
Mice NZB/BinJ female mice were obtained from Jackson Labora-
tories, Bar Harbor, ME. Control DBA/2 mice were obtained from the
breeding facility at the Mount Sinai Hospital Research Institute. The
mice were housed in the Animal Care Facility at the Mount Sinai
Hospital Research Institute until they were 8–10 weeks of age when
they were used in the experimental procedures.
In Vitro Studies of IL-1 Production For spleen cell culture, spleens
were harvested aseptically from both strains of mice. Single cell
suspensions were made by placing the spleens through wire mesh.
The cells were washed once in phosphate-buffered saline (PBS)
containing 1% heat-inactivated fetal calf serum, then finally
suspended in culture medium [RPMI1640 supplemented with
10% FCS (Hyclone Laboratories, Logan, UT), glutamine, 5 105
M 2-mercaptoethanol, bicarbonate, and penicillin-streptomycin]
at a density of 5 106 cells/ml. One-milliliter cultures were set
up in 24-well tissue culture plates (Corning Glass Works, Corning,
NY). Keratinocyte-derived IL-1 (from Pam 212 cell line) was added
in varying amounts to triplicate cultures. After a 7-d incubation at
371C in an atmosphere of 5% CO2, the supernatants were harvested
and supernatants stored at 201C prior to assay for anti-DNA
antibodies.
UV Irradiation Mice 8–10 weeks of age were shaved on the dorsal
portion and exposed to a source of UV-B light for 10min at 1000 J/
m2. The mice were housed in cages separate from unirra-diated
littermate controls; treated and control mice were sacrificed
at 24 h or 1, 3, and 7 weeks after the irradiation. Prior to sacrifice,
the mice were bled and the sera clarified and stored at 201C until
assayed for anti-DNA antibodies. At the time of sacrifice, the spleens
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were harvested aseptically for culture as described above with the
exception that no IL-1 was added. Kidneys were also obtained;
sections were frozen in 701C fixed with the compound O.C.T.
(Tissue-Tek). RNA was obtained from skin 24 h post-irradiation
and IL-1 mRNA expression assessed by slot blot analysis using
a cDNA probe for murine IL-la as previously described [7].
Epidermal cell suspensions were prepared from skin obtained from
treated and untreated mice 24h after irradiation and cultured for
24 h. IL-1 activity was determined using the thymocyte co-stimulator
assay [7].
Assay for Detecting Antibodies to ssDNA Calf thymus DNA type I
(Sigma Chemical Co., St. Louis, MO) was diluted to 1mg/ml in
distilled water before denaturing in a boiling water bath for 15min
followed by rapid cooling in an ice saline then dispensed as 100 ml
aliquots into 96-well polystyrene plates (NUNC Products, Gibco,
Mississauga, Ontario, Canada). The ssDNA incubated overnight at
41C in the plates. The plates were then washed with distilled water
containing 0.05% Tween 20 and rinsed with distilled water alone.
The coated plates were blocked with 3% bovine serum albumen for
60min at room temperature. Following a further wash, the plates
were air-dried before used in the assay.
Sera and supernatants in predetermined dilutions were added to the
coated plates along with appropriate positive and negative controls.
The specimens were incubated at room temperature for 60min, the
plates were then washed as above. One hundred microliters of an
appropriately diluted goat anti-mouse IgM antibody (Jackson, Immu-
noresearch, Avondale, PA) was then added to the plates and incubated
for 60min at room temperature. The plates were again washed prior to
the addition of 100ml 0.015% hydrogen peroxide substrate and 0.2% o-
phenylene diamine coloring agent to each well. The optical density of
each well was read using an MR-600 plate reader (Dynatech Industries,
McLean, VA) after 30min incubation at a wavelength of 450nm. The
results are expressed as optical density units at the appropriate dilutions
of both serum and supernatant. End titers are reported using an optical
density of 0.200 as the cut off point.
Assay for Total IgM Production Goat anti-mouse IgM (Jackson
Immunoresearch) was diluted to 5mg/ml in carbonate buffer, pH 9.6.
One-hundred- microliter aliquots were dispensed into each of the 96
wells of the polystyrene plate. After an overnight incubation at 41C,
plates were washed. The remaining steps of the assay are identical to
that for auto-ssDNA antibodies with the exception that a standard
curve was included in each plate by incubating serial twofold
dilutions of a 5mg/ml solution of mouse IgM (TEPC 183; Sigma). The
results were expressed as mg/ml of IgM.
Immunofluorescent Staining of Kidney Sections Frozen kidney
sections were cut in a cryostat and were placed on to a gelatin-
slubbed slide. They were fixed in 99% acetone for 10min at 41C.
After 2 washings in 2 PBS, a direct fluorescein isothiocyanate
(FITC)-conjugated rat anti-mouse IgM (Cappel) was added and
incubated for 1/2 h at room temperature in the dark. After washing
once, the sections were examined under a fluorescent microscope
for any positive stainings.
Ultraviolet Irradiation A bank of two FS-20 Westinghouse lamps
with emission between 280 and 400nm was used for irradiation.
IL-1 Activity The D10, 64.1 murine T-cell clone was used for the
IL-1 bioassay as previously described [7]. Briefly, D10G4.1 cells
(2 104 well) were cultured with the supernatants from UV-irra-
diated cells and ConA (1 mg/ml) for 3 d, pulsed 4 h with (3H)
thymidine (1mCi), and harvested with an automated multiwell
harvester (Cambridge Technology, Inc., Watertown, MA).
Detection of IL-1 mRNA RNA was extracted from keratino-cytes as
previously described. Briefly, total cellular RNA was isolated by
guanidine isothiocyanate and cesium chloride gradient cen-trifuga-
tion. The 740-bp Sau 3A fragment of murine cDNA IL-a gene was
generously provided by Dr. Peter Lomedico (Hoffman LaRoche,
Nutley, NJ). Slot blots were prepared by spotting various amounts of
denatured RNA onto nitrocellulose membrane. Filters were hybri-
dized with 32P-labeled cDNA probes and washed under the same
conditions as in Northern blot.
Statistical Analysis The data were analyzed by a standard Student t
test and p values are reported where appropriate.
RESULTS
In Vitro Studies of IL-1 The addition of IL-1 to spleen cell cultures
increased the production of anti-ssDNA antibodies in both strains of mice.
As indicated in Fig 1, both NZB and DBA/2 spleen cells showed
significant increases in anti-ssDNA antibody production (po0.005). The
increase in autoantibody production peaked in the presence of 10–20
units of IL-1.
In Vitro Production of Anti-ssDNA Antibodies The effect of UV
irradiation on anti-ssDNA antibody production is illustrated in Fig 2.
Anti-ssDNA antibody production was increased in both NZB and in DBA/
2 mice after UV exposure. The increase observed in NZB mice, however,
was significant (po0.025) as compared to that in the DBA/2 controls
(po0.1). The endtiter of anti-ssDNA seen in the NZB UV-exposed group
Figure 1. Effect of exogenous IL-1 on anti-DNA antibody production. Murine
IL-1a was added to spleen cell cultures from NZB or DBA/2 mice. Seven days
later levels of IgM antibodies directed against single-stranded DNA (ss-DNA)
were determined by an enzyme-linked immunoassay as described in
Materials and Methods.
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was greater than 1/128 and for NZB unexposed controlsp1/128, whereas
the maximum titer for DBA/2 UV-exposed mice was 1/16 with the non-
exposed control-group at 1/8 dilution.
Production of Anti-ssDNA Antibody and Total IgM In Vivo The
production of antibody in serum parallels the result seen in the in vitro
study shown in Fig 2. Results of the experiments in vivo are shown in
Fig 3. There is a significant increase in serum levels of anti-ssDNA
antibody after irradiation in both NZB and DBA/2 strains (po0.01). The
endtiter for the NZB UV-group was detected at a dilution 41/12,800,
NZB unexposed controls at 1/6400, DBA/2 UV-exposed at 1/800, and its
control at 1/400. The total IgM production for the different treatment
groups is shown in Fig 4. There is a significant increase in the NZB strain
after irradiation (po0.005) whereas the increase in DBA/2 mice, though
still significant is much less (po0.05).
Kidney Pathology Kidney sections were stained with FITC-la-beled, rat
anti-mouse IgM, and were examined under an epifluore-scent microscope
for immune complex deposition. The results, as summarized in Table I,
indicate that the density of immune complexes is markedly increased in
the NZB group exposed to UV irradiation.
IL-1 Activity and mRNA Level Twenty-four hours after irradiation of the
mice, IL-1 activity was found to be increased in the skin of both NZB and
Figure 3. Effect of UVB on serum anti-DNA antibodies production. NZB or
DBA/2 mice were exposed to 1000 J/m2 UVB. Control animals were
unexposed. One week after irradiation, serum was obtained and anti-ssDNA
antibodies measured as previously described.
Figure 4. Effect of UVB on total serum IgM levels in NZB and DBA/2 mice.
Mice were irradiated with 1000 J/m2 UVB. One week later sera was obtained
and assayed for IgM by an enzyme-linked immunoassay.
Figure 2. Effect of UVB on anti-DNA antibodies in vitro. NZB or DBA/2 mice
were exposed to 1000 J/m2 UVB. Control animals were unexposed. Twenty-
four hours after irradiation, spleens were obtained on cultured for 1 week.
Anti-DNA antibodies (anti-ssDNA) were assayed as previously described.
Table I. Effect of UV Irradiation on Immune Complex
Deposition in the Kidneya
Strain Control UV
NZB + ++
DBA/2  ±
aAbove results obtained from animals 7 weeks after UVB. Similar findings
were seen at 3 weeks but immune complex deposition was less intense.
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DBA/2 strains. In Table II the data indicate an increase of greater than
twofold IL-1 activity in UV-exposed NZB mice compared to a much
smaller increase in the UV-exposed DBA/2 controls.
IL-1 mRNA was probed for in the skin of the mice using the ‘‘dot blot’’
technique. Skin fromNZBmice revealed higher basal levels of mRNA coding for
IL-1 and a marked increase in mRNA when mice were exposed to 1000J/m2
compared to that seen with DBA/2 (Fig 5).
DISCUSSION
Disease activity in NZB mice is exacerbated with UV light exposure,
which is known to accelerate mortality in autoimmune mice [1,5]. UV
light can also augment local and systemic cytokine release by
keratinocytes [7–10]. There is increasing evidence to suggest that
cytokines play a role in the pathogenesis of SLE [11–19]. Elevated levels
of IL-1, IL-6, and TNF have been reported [11,12,17–19]. Some reports,
however, suggest that lupus monocytes have decreased IL-1. However,
spontaneous production of IgG could be enhanced by exogenous IL-6 and
inhibited by antibodies to IL-6, TNFa, or IL-1 [11,12,17]. There is also
evidence to suggest that impaired production on TNFa and abnormal
B-cell response to TNFa is seen in patients with SLE [13], Although other
reports have shown an increase in TNFa mRNA in lungs of lupus-prone
mice and antibodies to TNFa prevented pulmonary disease seen in these
animals [14]. Using the (NZB and NZW)F1 hybrid, it has been shown that
IL-6 can enhance anti-DNA antibody synthesis and may contribute to
glomerulonephritis seen in these mice [15,18,19].
In this study, we showed that exposure to UV light increases
IL-1 synthesis and release by keratinocytes and results in increased
anti-DNA antibody production, total IgM production, B-cell activity, and
deposition of immune complexes in the kidney. Evidence exists to suggest
that these events are at least in part mediated by IL-1. The observation that
both the cutaneous IL-1 mRNA and activity of this cytokine are increased
after irradiation further supports this hypothesis.
The exposure of DBA/2 mice to UV light also resulted in increased
anti-ssDNA antibody production and in deposition of immune complexes
in the kidney. This would imply that UV light can cause the production of
autoantibodies in normal strains of mice. However, most reports suggest
that although normal mice can produce autoantibodies, this does not lead
to the development of an overt autoimmune disease process. One
hypothesis proposes that there is DNA damage upon exposure to UV light
and the antibodies produced are needed to clear the debris from the
system. The presence of immune complexes in the kidneys of these
normal mice, however, is more difficult to understand. Further work will
have to be done to investigate whether these autoantibodies are
pathogenic and if the mice will develop an autoimmune disorder.
It was found that IL-1 can stimulate production of anti-ssDNA in vitro.
There are several possible mechanisms underlying this observation. It has
been reported that IL-1 can (i) have its effect directly on the B cells [20];
(ii) augment IL-6 production, which in turn directly stimulates B-cell
proliferation and immunoglobulin secretion; and (iii) indirectly stimulate
B cells by stimulating other cytokines such as IL-2 leading to proliferation
of T cells [21]. Furthermore, IL-1 has been shown to increase spontaneous
IgG production in patients with SLE [11]. IL-1 and TNF have also been
shown to accelerate renal injury and mortality when injected into NZB/W
mice, and NZB/W mice also exhibited elevated renal expression of IL-1
and TNF [11].
In conclusion, the present studies have demonstrated that (i) UV light
can cause an increased production of anti-ssDNA antibodies, an increase
in total IgM secretion and, as well, an increase in immune complex
depositions in the kidney; (ii) IL-1 increased anti-ssDNA antibody levels
in vitro; and (iii) UV irradiation increased IL-1 production from epidermal
cells. These studies suggest that the mechanism underlying the exacer-
bation of the auto-immune disorder seen in NZB mice upon exposure to
UV light may be mediated in part by skin production of IL-1.
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